Introduction
============

Worldwide, colorectal cancer (CRC) is one of the most common human malignancies; it ranks second in Europe and third in the United States [@B1]-[@B3]. In China and other developing countries, the incidence of CRC malignancy and mortality is rising and it is now the third most common cancer [@B4]-[@B8]. It is estimated that more than one million people worldwide are diagnosed with CRC annually and that more than 600,000 die from the disease, with projections that the annual incidence may reach more than two millions within the next two decades [@B9]. Colorectal carcinogenesis is believed to be a multi-stage process that originates with a localized adenoma, which linearly progresses to an intra-mucosal carcinoma, to an invasive lesion, and finally to metastatic cancer that accounts for over 90% of CRC-related deaths [@B10]-[@B14]. Although this linear model is supported by tissue culture and animal model studies [@B15]-[@B17], it is difficult to reconcile with several well-established facts. First, up to 25% of early stage (Stage I/II), node-negative CRC develop distant metastasis, while over 75% of these cases can be cured by surgery alone [@B18]-[@B21]. Second, circulating CRC tumor cells are undetectable in peripheral blood samples of up to 50% of patients with confirmed metastatic disease, but more than 30% of patients with no detectable metastatic disease exhibit such cells [@B22]-[@B24]. Third, cancer of unknown primary site (CUP) is one of the 10 most frequent cancers and is ranked as the 4^th^ commonest cause of cancer deaths, but its primary tumor site remains elusive [@B25]. Taken together, the above facts argue that the linear model may not be the only pathway for colorectal carcinogenesis and progression.

Our previous studies of human breast, prostate, cervical, lung, and skin cancer have led us to propose a novel hypothesis that tumor invasion and metastasis arise from the convergence of a tissue injury, the innate immune response to that injury, and the presence of tumor stem cells within the tumor capsules at the site of the injury [@B26]-[@B35]. Epithelial cells are normally contained within capsules. Focal capsule degeneration due to age or disease attracts lymphocyte infiltration, which degrades the degenerating capsules resulting in the formation of a focal disruption in the capsule. If the epithelial cells overlying the disruption are terminally differentiated, no or minimal cell proliferation will occur and the capsule will be repaired. If the focal disruption occurs in a region of the capsule underlying progenitor and/or tumor stem cells, however, these cells are afforded the opportunity to proliferate leading to their "budding" from the disruption and subsequent growth out into the surrounding stroma [@B26]-[@B35]. Once proliferating epithelial buds are formed, their interaction with infiltrated lymphocytes gives rise to an early pathway for metastasis. Specifically, as lymphocytes infiltrate the tumor buds, they disrupt the intercellular junctions and surface adhesion molecules facilitating the dissociation of some proliferating cells from the bud. During this process, lymphocytes and tumor cells can form stable pairings that we refer to as tumor-lymphocyte chimeras (TLCs). Our confocal microscopic observations have shown that the interaction between lymphocytes and budding cells involves simple membrane fusion that does not trigger phagocytosis or tumor cell destruction [@B36],[@B37]. This fusion may be mediated by the binding of lymphocyte function-associated antigen expressed on immune cells and integrins or other surface molecules on the tumor cells as demonstrated in cell culture studies [@B38]-[@B40]. This perilous coupling allows tumor stem cell to avail itself of the lymphocyte\'s natural ability to migrate and to breach cell barriers in order to intravasate and to travel to distant organs where the pair can extravasate, providing the potential for tumor stem cell to form the seed of a metastatic lesion.

There are three central tenants of our hypothesis. The first is that tumor stem cells are co-located with normal, benign, and malignant cells within capsules; however, they are the only cells that retain the potential for unlimited proliferation and multi-lineage differentiation in the adult stage [@B41]-[@B44]. The second is that tumor invasion or metastasis may occur at any stage of carcinogenesis if focal capsule disruption and lymphocyte infiltration occur at a site where the overlying epithelium contains a tumor stem cell. Further, lymphocyte infiltration occurs in response to tissue injury rather than the presence of malignancy. It is thus unlike the cytotoxic T lymphocyte infiltration that occurs after the tumor cells start to express tumor-associated antigens. The third is that the interaction of lymphocytes with tumor stem cells can lead to stable adhesions between the two creating a TLC that facilitates the dissemination of the tumor stem cell. Our hypothesis of tumor invasion has been recognized as more compatible with existing experimental evidence [@B45]-[@B47] than the traditional "protoelytic enzyme" theory [@B48]. Furthermore, our hypothesis of tumor metastasis is applicable to all epithelium-derived cancer and can reasonably explain all major events of metastasis, which includes dissemination from the primary site, intravasation, circulation, extravasation, migration, and colonization at new sites. Finally, our hypothesis postulates, for the first time, a morphologically defined precursor, the TLC, of metastatic cancer [@B36],[@B37].

Similar to other epithelium-derived structures, the normal and pre-invasive colorectal epithelia are physically separated from small vascular structures in the mucosa by the basement membrane (BM), and from the larger vascular structures in the submucosa by the muscularis mucosae (MM) [@B49]. The disruption of the BM and MM is thus a pre-requisite for tumor invasion and metastasis [@B50]-[@B52]. A wide spectrum of histopathological and immunohistochemical features occurring at the primary CRC site have been assessed for their ability to correlate with the presence of distant metastasis and to serve as signatures for clinical prognosis [@B53]-[@B63]. Of these, tumor budding at the invasive front has been recognized as a strong predictor of lymph node involvement, distant metastasis, local recurrence, and poor disease-free survival [@B60]-[@B63]. However, a recent meta-analysis of 76 selected articles from 602 citations concluded that: (1) "no single histopathological feature of colorectal cancer reliably predicted lymph node metastases, and (2) several risk factors that correlate highly with nodal disease are not routine components of standard pathology reports" [@B64]. More importantly, tumor budding at the invasive front is primarily, if not solely, seen at the invasive stage of disease, which is often beyond the point where surgery alone is curative. Consequently, detection of tumor budding at the invasive front is unlikely to have significant value for early detection and intervention of CRC metastasis. Similarly, no other immunohistochemical feature can reliably predict the invasive or metastatic potential of a given CRC or identify the specific individuals with pending or at increased risk for metastatic CRC [@B64].

Our recent studies have tested the applicability of our hypotheses in CRC. Paraffin-embedded tissue sections from age- and type-matched CRC with (*N*=37) and without (*N*=55) positive lymph nodes were subjected to double immunohistochemistry to assess the potential correlation among focal capsule disruption, immune cell infiltration, and budding cells with the following markers: (a) leukocyte common antigen (LCA, clone: 2B11+PD7/26. Dako, Carpinteria, CA), which is expressed by all normal hematopoietic cells and their neoplastic transformations; (b) cytokeratin (CK) AE1/AE3 (clone: AE1/AE3, Dako, Carpinteria, CA), which is expressed in all epithelium-derived cells; (c) CK-19 (clone: clone: RCK108), (d) collagen IV (clone: CIV22, Dako, Carpinteria, CA), which is the main building block of the tumor capsule, and (e) D2-40 (clone: D2-40, Signet, Dedham, MA), which is a marker for lymphatic endothelium.

Lymphoid follicles, lymphocyte aggregates, and tumor-infiltrating lymphocytes were defined according to commonly accepted criteria [@B38]. A focal disruption in the BM or a fragmentation in the MM was defined as a physical gap, larger than the combined diameter of at least three epithelial cells, in these structures that was observed in at least three consecutive tissue sections. Budding tumor cells were defined as individual cells, or small cell clusters, observed to be physically separated from the tumor core in at least three consecutive tissue sections. To compare the frequencies of focal BM disruptions, MM fragmentations, and dissociated tumor cells in structures adjacent to and distant from, lymphoid follicles and large lymphocyte aggregates, the entire epithelium, lamina propria (LP), and MM of the pre-invasive tissue component was digitally photographed. The digital images were enlarged to 400X and reviewed under the screen of a standard computer. The mean frequencies of focal BM disruptions, MM fragmentations, and dissociated tumor cells between these tissue sites were statistically compared with the Pearson\'s Chi-square test. Statistical significance was defined as p\<0.05. To assess the correlation of lymphocyte infiltration on tumor invasion, all junctions of pre-invasive and invasive lesions were identified and examined to determine whether these junctions are exclusively or preferentially associated with lymphoid follicles or infiltrating lymphocyte aggregates.

These studies have detected tumor budding at the invasive front in both node-positive and node-negative CRC. As shown in Figure [1](#F1){ref-type="fig"}, these structures with budding cells show distinct malignancy associated morphological changes, including the loss of the BM, lumen and polarity, increased cytoplamic-nuclear ratio, and multiple nucleoli. These structures with budding cells are predominately, if not solely, seen within the submucosa associated with

invasive lesions and infiltrated lymphocytes.

More importantly, our studies have detected nearly identical focal capsule disruptions, lymphocyte infiltration, budding cell clusters, and the formation of TLCs in normal colorectal epithelial structures both distant from, and adjacent to, malignant lesions [@B65]-[@B66]. Compared to their morphologically similar counterparts, node-positive CRC have the following unique alterations:

A: A significantly higher frequency of focal BM disruptions and MM fragmentations
---------------------------------------------------------------------------------

The BM and MM distant from invasive lesion were continuous in \~90% of node-negative CRC (Fig [1](#F1){ref-type="fig"}A-B), but about one-third of node-positive cases harbored epithelial structures with focally disrupted BM overlying fragmented MM (1C-D). The 37-node positive cases harbored 269 epithelial structures with focally disrupted BM and 191 MM fragmentations, compared to 86 and 65, respectively, in the 55- node negative cases. The frequency of BM and MM disruptions was significantly higher (p\<0.0001) in node-positive than in node-negative CRC (Fig. [2](#F2){ref-type="fig"}).

B: A significantly higher frequency of open lumen lymphatic ducts within the mucosae
------------------------------------------------------------------------------------

In sections immunostained for D2-40 (lymphatic duct specific maker), the frequency of open lumen lymphatic ducts within the mucosa was significantly higher in node-positive than in node-negative cases (Table [1](#T1){ref-type="table"}). This can be seen in Figure [3](#F3){ref-type="fig"} where most open lumen lymphatic ducts are located within the submucosae in node-negative cases, but they are mainly seen within the mucosa of node-positive cases.

C: Open lumen lymphatic ducts with disseminated cells within the mucosa
-----------------------------------------------------------------------

Of 37 node-positive cases, 14 (37.8%) harbored multiple lymphatic ducts with disseminated cells within the mucosa (Fig [4](#F4){ref-type="fig"}), whereas only one (1.8%, with confirmed CRC metastasis to lung) in 55 node-negative cases. The frequency of open lumen lymphatic ducts with disseminated cells within the mucosa is significantly (p \< 0.0001) in node-positive than in node-negative cases.

D: Significantly more epithelial structures with isolated cytokeratin (CK)-19-positive cell clusters
----------------------------------------------------------------------------------------------------

Of the 14 node-positive cases harboring lymphatic ducts with disseminated cells within the mucosa, all contained multiple normal epithelial structures with isolated CK-19-positive cell clusters. These CK-19 positive structures were interspersed with normal CK-19 negative epithelial structures, and were seen both distant from (Fig [5](#F5){ref-type="fig"}A-B) and adjacent to (Fig [5](#F5){ref-type="fig"}C-D) invasive lesions. As shown in Figure [5](#F5){ref-type="fig"}A-B, these CK-19 positive budding cell clusters distant from the invasive lesion are morphologically and immunohistochemically distinct from their adjacent CK-19-negative counterparts. As shown in Figure [5](#F5){ref-type="fig"}C-D, these CK-19 positive budding cells adjacent to the invasive lesions are morphologically and immunohistochemically similar to invasive cancer cells (arrowhead). Several budding cell clusters are located within lymphatic ducts (red arrows). Node-negative cases harbored significantly fewer and smaller such isolated CK-19-positive cell clusters, which are located distant from the MM.

A total of 259 open lymphatic ducts with disseminated epithelial cells were found, of which 235 (90.7%) were in node-positive and 24 (9.3%) in node-negative cases (P \< 0.0001); 211 (81%) were seen in the mucosa and submucosa, while 48 (19%) were seen in the muscularis propria and subserosa (*p*\<0.001). As shown in Figure [6](#F6){ref-type="fig"}, a vast majority of open lymphatic ducts with disseminated tumor cells are located within the mucosa and submucosa, suggesting that metastatic spread may represent an early event in colorectal carcinogenesis and progression.

Our most recent studies detected nearly identical focal capsule disruptions, lymphocyte infiltration, budding cell clusters, and disseminated cells within lymphatic ducts in the mucosa in about 10% human colorectal adenoma (Jiang et al. Manuscripts in preparation.

Hypothesis
==========

Based on the above observations, we hypothesize that metastatic spread of CRC cells is an early event in, not a late consequence of, colorectal carcinogenesis and progression, which can occur even in normal appearing epithelial structures through the following pathways:

1. Lymphocyte infiltration causes focal capsule disruptions facilitating stem cell proliferation {#Section1}
------------------------------------------------------------------------------------------------

As CK-19 is a well-recognized stem cell marker and CK-19-positive cells are detected in peripheral blood of patients with metastatic cancer [@B67]-[@B75], our studies assessed the involvement of CK-19 and related signaling pathways in the initiation of CRC invasion and metastasis. As shown in Figure [7](#F7){ref-type="fig"}, some isolated epithelial clusters adjacent to lymphoid follicles exhibit strong CK-19 immunostaining within an otherwise negative background. These structures are morphologically indistinguishable from adjacent counterparts under low magnification in H&E stained sections, but under higher magnification, they differ markedly in size, shape, nuclear structures, and density, and with a higher proliferation index. Although similar CK-19 positive cell clusters are also seen in node-negative cases, they are generally located at the middle of a given crypt (as shown in Fig [7](#F7){ref-type="fig"}A-B) with no distinct morphological alterations. In contrast, CK-19 positive cell clusters in node-positive cases are generally baso-laterally located (as shown in Fig [7](#F7){ref-type="fig"}C-D) with malignant morphology and are often adjacent to open lumen lymphatic ducts.

2. Lymphocyte infiltration results in dissociation of some cells from the main epithelial structures {#Section2}
----------------------------------------------------------------------------------------------------

As shown in Figure [8](#F8){ref-type="fig"}, the normal epithelial structures adjacent to a small lymphocyte aggregate harbor multiple dissociated cells (thick arrows), which are all associated with lymphocytes (thin arrows). Dissociated cells are absent in the vicinity of epithelial structures distant from the lymphocyte aggregate.

3. Dissociated cells form invasive or metastatic lesions through different pathways {#Section3}
-----------------------------------------------------------------------------------

### (1). Dissociated cells undergo *in situ* proliferation resulting in distinct invasive cancer

Some of the dissociated tumor stem cells can undergo extensive *in situ* proliferation near the focal disruption, forming tumor nests that gradually invade the submucosa. As shown in Figure [9](#F9){ref-type="fig"}, a tumor nest (curve lines) extends from the mucosa to the submucosa through a focal disruption in the MM.

### (2). Dissociated cells are pushed or dragged by associated lymphocytes to different locations

Lymphocytes and tumor cells can form stable pairing through membrane fusion to form TLCs. As lymphocytes have the natural capability to migrate, they can physically shuttle their associated tumor cells to different locations during migration. As shown in Figure [10](#F10){ref-type="fig"}, each of two node-positive cases harbor three isolated cell clusters(thick arrows and red circles) located in the mucosa, the MM, and the submucosa, respectively. All these cell clusters in different locations are physically associated with lymphocytes and also share very similar morphological and immunohistochemical features.

### (3). Dissociated cells enter pre-existing lymphatic ducts as TLCs

As shown in Figure [11](#F11){ref-type="fig"}, two dissociated epithelial cells (thick arrows) near morphologically normal appearing epithelial structures are physically conjoined with lymphocytes (thin arrows), which appear to physically drag these dissociated epithelial cells into two small lymphatic ducts (asterisks).

### (4). Dissociated cells generate their own vascular structures facilitating distant migration

In node-positive cases, some of the budding cells from normal appearing structures are capable of forming their own vascular structures. As shown in Figure [12](#F12){ref-type="fig"}, these budding cells are located within tube-like structures that co-express both D2-40 (a lymphatic duct phenotypic marker) (A-B) and CD34 (a blood vessel phenotypic marker) (C-D). Budding cells in the mucosa appear to be in physical continuity with invasive cancer (star) within the submucosa through the vascular channel (curve lines). These tube-like structures are likely to represent newly formed vascular structures for the following reasons: (1). they are exclusively associated with dissociated CK-19 positive cell clusters, (2). the wall (the endothelial cell layer) of these structures is often incomplete with CK-19 positive cells physically connected with adjacent stromal cells or tumor cells within the stroma, and (3). the adjacent morphologically distinct lymphatic ducts or blood vessels without disseminated epithelial cells express only one of the two phenotypic markers.

Together, we have proposed that budding cells from normal appearing epithelial structures are likely to represent a population of tumor stem cells. As only stem cells in the adult organs retain the potential for unlimited proliferation and multi-lineage differentiation, these budding cells are likely to be invasion and metastasis-initiating cells. The concept of budding cells presented in our current study differs fundamentally from the concept of "tumor budding in invasive front" in two main aspects: (1) "budding" cells represent a much earlier event that could potentially occur at the benign or even "normal" stage, whereas "tumor budding in invasive front" is a late stage event, occurring primarily, if not solely, at the invasive stage; and (2) "budding" cells are physically associated with normal epithelial structures, whereas "tumor budding in invasive front" are only associated with malignant structures.

Our new hypothesis is further summarized in Figure [13](#F13){ref-type="fig"} where the four pathways that tumor cells can follow after their dissociation from the tumor bud are depicted. These pathways are supported by the immunohistological findings presented in Figures [9](#F9){ref-type="fig"}-[12](#F12){ref-type="fig"}, respectively.

Implications of our hypothesis
==============================

Our studies have consistently shown that, compared to its age- and type-matched counterpart, the primary tumor of node-positive CRC have a significantly higher frequency of the following alterations: (**a**) open-lumen lymphatic ducts within the mucosa, (**b**) open-lymphatic ducts with disseminated cells within the LP, and (**c**) normal epithelial structures with isolated CK-19-positive cell clusters that are morphologically or immunohistochemically similar to adjacent invasive cancer. It is not known why such or similar findings have not been previously reported. It is our speculation that the most likely reason might be that these alterations, especially the co-expression of D2-40 and CD34, can be seen only in double immunostained tissue sections, but double immunohistochemistry is barely used in the clinical laboratories.

The mechanism for the differential profile between node positive and node negative cases is unknown, but it is likely that the mucosal epithelial cells of node-negative CRC may have retained a significantly fewer number of stem cells than their node-positive counterparts, or their budding cells belong to a partially committed tumor progenitor population that either lacks the surface molecules to form TLCs for intravasation, or lacks the potential for multi-lineage differentiation. Thus, node-negative CRC may be able to utilize the first two pathways to progress to invasive lesions, but they are deficient to progress to metastatic lesions. Our speculation is consistent with a well-established fact that the relative proportion of the stem cell population varies significantly among different tumors of the same type or different tumor types, from 0.1% to 2% [@B76]-[@B82]. A recent mathematical model even shows that cancer stem cells "may comprise any possible proportion of the tumour, and that the higher the proportion the more aggressive the tumour is likely to be" [@B83]. Our speculation is also supported by the fact that the adult stem cell population progressively loses the breadth of their developmental potency during the aging process, which is significantly influenced by a great number of known and unknown factors [@B84]-[@B90]. As the stem cells retain the potential for unlimited proliferation, multi-lineage differentiation, and colonization in new sites [@B91]-[@B94], the residual stem cells of node-positive cases may be able to generate their own vasculatures such that tumor cells of these cases may utilize both newly formed and pre-existing vasculatures for dissemination to distant sites.

Although a vast majority of those isolated CK-19 positive colonic epithelial cell clusters seen in our current study appear to be morphologically normal, they are associated with a number of tumor invasion- and metastasis-associated alterations, including (1) focal disruptions of the BM, (2) focal fragmentations of the MM, (3) elevated proliferation, (4) budding from the parent structures, (5) direct physical continuity with invasive cancer nests, and (6) dissemination to lymphatic ducts or blood vessels. Thus, these CK-19 positive cell clusters may represent a previously undefined malignant entity. Consistent with our speculation are the facts: (1) breast clinging *ductal carcinoma in situ (DCIS)* is morphologically indistinguishable from normal breast epithelial structures, but it shares a very similar molecular and clinical profile with other types of *DCIS* [@B95], (2) the prostate tissues of a subset of aged men or normal-appearing prostate tissues adjacent to prostate cancer harbor a DNA phenotype that is identical to invasive and metastatic prostate cancer [@B96], and (3) genetic comparison of these microdissected cells and their adjacent and distant cancer cells has shown that they share a very similar molecular profile with their cancer counterparts, including a significantly elevated frequency of the loss of heterozygosity (LOH), expression of tumor invasion and metastasis-related genes, and aberrant expression of micro-RNAs 146a and 146b-5p [@B29]-[@B35]. These CK-19 positive cell clusters may also represent the direct "seeds" of invasive or metastatic CRC, judged from Figures [5](#F5){ref-type="fig"} and Figures [8](#F8){ref-type="fig"}-[12](#F12){ref-type="fig"} of our current studies.

Thus, the metastatic potential of a given tumor is likely to be determined at the early stages of carcinogenesis. The presence of open lumen lymphatic ducts with disseminated cells in the mucosa may represent an earlier and more reliable predictor than tumor budding at the invasive front for node status. If confirmed, our findings and hypothesis may have the following scientific and clinical implications:

1. To assist early detection of patients with pending or at risk for invasive or metastatic CRC {#Section1_1}
-----------------------------------------------------------------------------------------------

As the disruption of the BM and MM is an absolute prerequisite for CRC invasion or metastasis, morphological and immunohistochemical assessment of the physical integrity of these two physical barriers in biopsy samples may significantly facilitate early detection of patients with pending, or at increased risk to develop, invasive or metastatic CRC. A previous study assessed the correlation between the physical integrity of the BM and the survival status in patients with CRC at different stages using immunohistochemistry for collagen IV and laminin (two primary components of the BM) [@B97]. The study revealed that a total loss or considerable discontinuity of the BM was adversely correlated with the survival status (*p*= 0.066 and *p* = 0.014 for collagen IV and laminin, respectively), whereas no association with the stage of disease was noticed [@B97].

2. To facilitate clinical differential diagnosis and the selection of the optimal treatment option {#Section2_1}
--------------------------------------------------------------------------------------------------

As open-lumen lymphatic ducts with disseminated tumor cells are exclusively seen in the mucosa of node-positive and confirmed cases with metastasis, immunohistochemical assessment of the biopsy samples before the operation may substantially benefit the decision making process for the selection of the operation extent and the treatment options.

3. To benefit the development of effective interventions to prevent CRC invasion and metastasis {#Section3_1}
-----------------------------------------------------------------------------------------------

As aberrant lymphocyte infiltration appears to be a trigger for both tumor invasion and metastasis, the development of specific approaches to manipulate lymphocyte infiltration or to disrupt the formation of tumor-lymphocyte chimeras may represent a more effective approach for CRC interventions and prevention. Our speculation is consistent with a recent report published in Lancet Oncology [@B98], which has revealed that regular use of Aspirin, a non-steroidal anti-inflammatory drug, reduces the long-term risk of CRC and other cancer and the risk of distant metastasis.

4. To facilitate the development of more effective therapeutic agents {#Section4}
---------------------------------------------------------------------

As our previous studies of human breast and prostate tumors [@B26]-[@B37] have consistently shown that cell clusters overlying focally disrupted tumor capsules exhibit a substantially different molecular and immunohistochemical profile, compared to their adjacent counterparts distant from the disruption, the further assessment of the molecular and biochemical profiles of these budding cells may lead to the identification of more novel molecules associated with the early events of carcinogenesis. As the frequency and pattern of focal capsule disruptions and cell budding seen in our studies of CRC are almost identical to those seen in breast, prostate, lung, cervical, and skin tumors [@B26]-[@B37], the unique molecules expressed in these budding cells are very likely to represent the common trigger factors for the onset of invasion and metastasis of all epithelium-derived tumors. Consequently, the identification of the unique molecules expressed in these budding cells could potentially lead to the development of more effective therapeutic approaches for early detection, intervention, and prevention of cancer invasion and metastasis.

In summary, this is a hypothesis paper, based on our previously published experimental data of studies in human breast and prostate tumors [@B26]-[@B37] and recent unpublished findings in human CRC [@B65],[@B66]. Our current study is the expansion of our previous studies with same concept and technical approaches. Thus, the experimental procedures were referred to previous publications, and the results were presented in an abstract style. As about 25% of early stage (stage I or II) node negative CRC and about 50% of CRC across all stages develop systemic and/or recurrent CRC, while none of the current concept of approaches could specifically identify these patients for early intervention, the primary goal of our paper is to present our novel concept in order to elicit more research interests in the field.
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![**Tumor budding at the invasive front.**A set of two adjacent human CRC tissue sections were immunostained for CK AE1/3 (red) plus collagen IV (brown; A-B) or leukocyte common antigen (LCA; brown; C-D). Circles identify tumor nests with budding cells. Thick and thin arrows identify budding tumor cells and associated lymphocytes, respectively. Note that tumor nests and budding cells show distinct malignancy-associated morphological changes, and that most budding cells are physically associated with lymphocytes. A & C: 150X. B & D: a higher magnification (400X) of A & C, respectively.](ijbsv09p0119g01){#F1}

![**Physical status of BM and MM in node-negative and node-positive CRC.**CRC tissue sections from node-negative (A-B) and node-positive (C-D) cases were immunostained for collagen IV (brown). Arrowheads identify MM. Arrows identify the BM. Circles identify epithelial structure with disrupted BM and budding cells. A&C: 150X; B&D:400X.](ijbsv09p0119g02){#F2}

![**The frequency and location of open lumen lymphatic ducts between node negative (A) and positive (B) cases.**CRC tissue sections from node-negative (A) and node-positive (B) cases were immunostained for D2-40 (brown). Thick and thin arrows identify lymphatic ducts within the mucosa and submucosa, respectively. Asterisks identify MM. 200X.](ijbsv09p0119g03){#F3}

![**Open lumen lymphatic ducts with disseminated cells within mucosa.**CRC tissue sections from node-negative (A-B) and node-positive (C-D) cases were double immunostained for CK-19 (red) and D2-40 (brown). Circles identify a lower magnification review of B and D. Thick and thin arrows identify budding cells and lymphatic ducts, respectively. Red arrows identify lymphatic ducts with disseminated cells that are only seen in the node-positive case. A&C: 80X. B&D: 400X.](ijbsv09p0119g04){#F4}

![**Normal epithelial structures with isolated CK-19-positive cell clusters.**Normal and CRC sections from node-positive cases were double immunostained for CK-19 (red) and D2-40 (brown). Circles identify CK-19-positive structures under low magnification. Asterisks identify epithelial structures with budding cells (black arrows). Red arrows identify open lumen lymphatic ducts with disseminated cells. Arrowhead identifies the invasive lesion. A & C: 100X. B & D: 300X.](ijbsv09p0119g05){#F5}

![**Distribution of open lymphatic ducts with disseminated cells at different locations within the colon wall.**A CRC tissue section from a node-positive case was double immunostained for CK-19 (red) and D2-40 (brown). Arrows identify open lumen lymphatic ducts with disseminated tumor cells. Note that the vast majority of these ducts are located within the mucosa and submucosa with few located in the muscularis propria (star). 80X.](ijbsv09p0119g06){#F6}

![**Morphological and immunohistochemical alterations in epithelial structures near lymphatic follicles.**Normal tissue sections distant from tumor of node(-) and (+) cases were double immunostained for CK-19 (red) and D2-40 (brown). Circles identify epithelial structures adjacent to lymphatic follicles. Arrows identify epithelial structures with CK-19 expression and signs of increased proliferation. A & B: 80X. C & D: Higher magnification (400X) of A and C, respectively.](ijbsv09p0119g07){#F7}

![**Epithelial cell dissociation from morphologically normal appearing epithelial structures.**A CRC tissue section from a node-positive case was double immunostained for CK AE1/3 (red) and leukocyte common antigen (LCA; brown). Circles identify epithelial structures adjacent to a small lymphatic aggregate. Thick arrows identify dissociated epithelial tumor cells and thin arrows identify associated lymphocytes. A: 100X. B: a higher magnification (400X) of A.](ijbsv09p0119g08){#F8}

![***In situ* proliferation of budding cells into invasive cancer.**A CRC tissue section from a node-negative case was double immunostained for CK AE1/3 (red) and collagen IV (brown). The circle identifies the low magnification of the structures in B. Arrowheads identify the MM. Asterisk identifies a lymphocyte aggregate. Curve lines identify a tumor nest extending from the mucosa into the submucosa through a focal disruption in the MM. A: 100X. B: 400X.](ijbsv09p0119g09){#F9}

![**TLCs shuttle tumor cells to different histological locations.**CRC tissue sections from two node-positive cases were double immunostained for CK AE1/3 (red) and LCA (brown; A-B) and triple immunostained for CK AE1/3 (blue), CD34 (brown) and LCA (red; C-D). Thick and thin arrows identify budding cells and associated lymphocytes located in the mucosa and MM, respectively. Black circles identify the low magnification views of structures in B and D. Red circles identify invasive cancer nests in the submucosa. A&C: 150X. B & D: a higher magnification (400X) of A&C, respectively.](ijbsv09p0119g10){#F10}

![**Tumor cells entering pre-existing lymphatic ducts through formation of TLCs.**Normal tissue sections distant from tumor of node-positive cases were double immunostained for CK AE1/3 (brown) and LCA (red). Circles identify the low magnification views of B and D. Thick and thin arrows identify dissociated epithelial cells and associated lymphocytes, respectively. Asterisks identify lymphatic ducts. A & C: 150X. B & D: a higher magnification (500X) of A&C, respectively.](ijbsv09p0119g11){#F11}

![**Formation of vascular structures within mucosa by budding cells.**A set of two adjacent human CRC tissue sections from a node-positive case were double immunostained for CK-19 (red) plus D2-40 (A-B) or CD34 (C-D) (brown), respectively. Circles identify low magnification views of the structures in B and D). Arrows identify the wall of the vascular structures. Stars identify invasive cancer nests in the submucosa. Curve lines identify the vascular channels spanning the mucosa, the MM, and the submucosa. Asterisks in A and C identify a tube-like structure, which harbors no disseminated epithelial cells and only expresses CD34. A & C: 150X. B & D: a higher magnification (400X) of A&C, respectively.](ijbsv09p0119g12){#F12}

![**Hypothesized pathways of dissociated cells from normal appearing epithelial structures.** Human CRC tissue sections from a node-positive case were immunostained for tumor cells (purple), lymphocytes (red), blood vessels (black), and MM (brown). This figure is the combination of two figures. The up half of this figure demonstrates cell budding from normal appearing epithelial structures. The lower half elucidates the potential pathways in which dissociated epithelial cells progress to invasive or metastatic lesions. Asterisks identify normal appearing epithelial structures. Thick and thin yellow arrows identify dissociated epithelial cells and associated lymphocytes, respectively. Arrowheads identify the MM. Green arrows indicate the direction of the progression. Blue and red circles represent dissociated epithelial cells and associated lymphocytes. Curve lines represent pre-existing (3) and newly generated vascular structures (4), respectively.](ijbsv09p0119g13){#F13}

###### 

Open lumen lymphatic ducts within the mucosa of cases with and without positive lymph nodes.

  Type of cases            *N=*   Total number detected   Mean ± SD     *P*
  ------------------------ ------ ----------------------- ------------- -----------
  With positive nodes      37     361                     9.76 ± 5.52   \< 0.0001
  Without positive nodes   55     81                      1.45 ± 1.61   
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